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Since the first edition of this text, much has changed. The methodologic qual-
ity of the literature in dermatologic surgery has continued to improve [1, 2]. 
Journals are encouraging, and authors are accepting, the importance of well-
designed studies that are also written up in accordance with appropriate 
reporting guidelines, like those maintained by Equator [3].

For therapeutic and interventional studies, the importance of carefully 
selected outcome measures is increasingly apparent. As the Cochrane 
Collaboration and others have found, research waste can result when the 
results of small studies cannot be pooled because the outcome measures used 
are too disparate to reconcile [4, 5]. This problem may ultimately be rectified 
by the development of core outcome sets, or minimum groups of agreed-upon 
outcomes that would be employed by all investigators studying a particular 
disease or condition. In dermatologic surgery, the IMPROVED group is a 
US-based collaboration working on relevant core outcome sets for the treat-
ment of skin cancers and cosmetic conditions.

High-quality patient-level data may also soon be forthcoming from the 
many qualified clinical data registries being created by professional specialty 
societies in the United States. While the presumptive primary incentive for 
such registries is to facilitate practitioners’ ability to report required quality 
metrics to the federal government, the data collected will also be a fruitful 
resource for a range of clinical questions. Registries in dermatology, such as 
DataDerm at the American Academy of Dermatology, are currently “matur-
ing” but within 5  years may be being mined by interested researchers. In 
dermatologic surgery, the American College of Mohs Surgery has initiated 
the MohsAIQ Registry, and the American Society for Dermatologic Surgery 
(ASDS) has planned a registry to track adverse events specifically.

Funds for clinical and comparative effectiveness research in dermatologic 
surgery are still sparse. A notable bright spot is the ASDS’ new Brandt grant 
program, which specifically supports multicenter clinical research in derma-
tologic surgery. Investigators are learning to work across centers in ways that 
are cost- and time-efficient.

The first edition of Evidence-Based Procedural Dermatology was named 
after the ACGME-approved advanced fellowship in dermatologic surgery 
started in 2003. More recently, this fellowship has been modified to exclude 
most cosmetic procedures and has been renamed Micrographic Surgery and 
Cutaneous Oncology (MSDO). A new fellowship program, Cosmetic 
Dermatologic Surgery, has arisen under the auspices of ASDS to fill the 
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training gap in advanced cosmetic and laser procedures. Collectively, there 
are now about 100 fellowship positions in dermatologic surgery each year, 
with approximately 1  in 4 US dermatology residents choosing to obtain 
advanced dermatologic surgery training. Perhaps even more importantly, der-
matologic surgery is permeating residency training in dermatology, with 
young dermatologists better trained in the surgical management of relevant 
conditions. The techniques pioneered by dermatologic surgeons have also 
entered other specialties, including plastic surgery, head and neck surgery, 
ophthalmology, vascular surgery, medical and surgical oncology, and many 
others. As a consequence, this text is more relevant than ever. The growing 
cadre of specialists in dermatologic surgery need current, authoritative, and 
comprehensive information that weighs the benefits and limitations of vari-
ous treatment approaches for conditions of concern.

We have opted to stay with the moniker “Procedural Dermatology,” which 
concisely conveys the breadth of our charge. But the second edition is much 
expanded from the first. More topics are addressed, and more outstanding 
chapter authors are included. I am deeply grateful to the many gifted, busy, 
and generous dermatologic surgeons who have written this book.

Chicago, IL, USA� Murad Alam, MD, MSCI, MBA
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Abstract
There are many ways to better understand how 
to diagnose and treat our patients. An unusu-
ally powerful tool is the randomized con-
trolled trial (RCT). The first well-reported 
RCT assessed utility of streptomycin for the 
treatment of tuberculosis in 1948 (Williams, 
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Ran Y, Furue E (eds) Evidence-based derma-
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2014). Although a relatively newcomer to the 
scientific toolbox, the blinded RCT is now 
widely acknowledged as the key building 
block that underpins high-level medical 
evidence.
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There are many ways to better understand how to 
diagnose and treat our patients. An unusually 
powerful tool is the randomized controlled trial 
(RCT). The first well-reported RCT assessed util-

ity of streptomycin for the treatment of tubercu-
losis in 1948 [1]. Although a relatively newcomer 
to the scientific toolbox, the blinded RCT is now 
widely acknowledged as the key building block 
that underpins high-level medical evidence.

�Potential Benefits of a Blinded  
RCT [1]

Since performing a blinded RCT is time-
consuming and costly, it is helpful to consider 
why undertaking this burden may be worth the 
trouble. The specific benefits include reduction of 
bias and elimination of unknown confounders. 
Since patients in such a trial are randomly 
assigned in a concealed manner to two or more 
groups, patients’ characteristics are likely to be 
similar across groups. Selection bias is therefore 
avoided. Since outcome assessment is also 
blinded, we would also expect the absence of 
detection bias, meaning the outcome of interest is 
not likely to be observed and measured differ-
ently across groups.

The avoidance of unknown confounders is 
inherent to the randomization process and diffi-
cult to achieve in any other experimental design 
[2]. As an example, let us say we know patients of 
different ages and genders have different inherent 
susceptibilities to postoperative dehiscence, and 
we want to compare two different methods for 
prevention. We may choose to perform a prospec-
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tive cohort study, with two groups matched for 
age and gender. But what if dehiscence rates are 
also directly correlated with BMI, which we have 
not considered or matched for? Now, if one pre-
ventive technique turns out to be superior, this 
may be due not to the intrinsic superiority of that 
technique but to the greater abundance of obese 
patients in the group receiving the other tech-
nique. When we randomize, we need not identify 
every potential confounder, which is generally 
impossible. Instead, the process of randomization 
helps ensure that the prevalence of every con-
founder is more or less equal in each group.

�Elements of a Well-Designed RCT

�Power, Sample Size, and Procedure 
Specification [3, 4]

Before beginning a study, it is crucial to consider, 
and then to write out in extreme detail, exactly 
what will be done, step by step. Recruitment, 
blinding and randomization, interventions, 
follow-ups, outcomes, and statistical analyses 
must all be prespecified. It may be helpful to con-
sult with other content experts, as well as epide-
miologists and experts in trial design. Study 
design errors are rectifiable at this stage, but less 
so later. Failure to prespecify and double-check 
study design elements before initiating the study 
may lead to inconsistent or changing study pro-
cedures, which impairs the quality of your data.

Also necessary at this time is a statistical anal-
ysis. Given the comparison you are trying to 
make, the primary outcome measure you are 
planning on using, and the expected difference 
across groups on this measure, a biostatistician 
will be able to tell you how many patients you 
will need to enroll. Depending on the power, or 
ability to detect a difference, you preselect for 
your study (typically 0.8 or 0.9 for dermatologic 
surgery studies), the statistician will be able to 
tell you the sample size that will likely be suffi-
cient to detect a difference of a particular magni-
tude, if in fact such a difference exists. Simple 
power studies can be performed without a statis-
tician’s assistance; however, if in doubt as to the 

accuracy of your calculation, it is preferable to 
hire a professional who can detect mistakes ear-
lier, thereby saving time and money later. It is 
possible that the sample size for certain studies 
may be prohibitive and impractical, and so you 
may choose not to conduct the study. Conversely, 
fewer patients than expected may be required, 
and this may free you and your staff to work on 
other projects.

�Randomization and Blinding

These elements are well described elsewhere, 
and so we will review them briefly. First, the allo-
cation to groups should be truly random. 
Alternating enrollment between group 1 and 2 is 
not random but in fact quite determined. A ran-
dom number generator or table should be used, as 
just writing down numbers, say 1  s and 2  s, as 
they come to you has also been shown to be not 
random. Finally, the random allocation must be 
concealed from the investigator assigning patients 
to groups. Concealment may entail opaque enve-
lopes (although these can sometimes be tampered 
with or backlit) with randomization information 
inside that you tear open right when you need to 
assign [1]. Or you may call another investigator 
at a different site who may tell you which group 
is next by clicking on a database link. The spe-
cific method should be thought out in advance, 
with different investigators instructed regarding 
their roles, so that errors and confusion about the 
steps required do not inadvertently lead to 
unblinding. Blinding is important because even a 
well-meaning unblinded investigator may prefer-
entially assign sicker or needier patients to the 
intervention believed to be more effective or 
safer. Alternatively, an investigator with a stake 
in seeing the success of a particular treatment 
may allocate to that arm patients who are more 
likely to respond. Either of these cases would, of 
course, introduce selection bias. Even when 
blinding is maintained, by chance alone, random-
ization can be unsuccessful in creating two or 
more similar groupings. This is more common 
with smaller sample sizes, just as it is not uncom-
mon to flip a fair coin and get three heads in a 
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row, but it is much less likely to have this happen 
consecutively 300 times. It is customary to 
include a table showing the salient demographic 
and other characteristics of the several groups to 
reassure the reader that randomization was 
successful.

Importantly, blinding remains important 
throughout the study, through to the point when 
results are being analyzed. For many dermato-
logic surgery studies, especially those assessing 
skin scar evolution or cosmetic interventions, the 
primary outcome measure may be visual assess-
ment of outcomes. While live, in-room assessors 
may capture more information than those who 
perform delayed assessments based on standard-
ized photographs, photographic assessments are 
easier to blind. Also, with photographic assess-
ments, it is feasible to compare before and after 
outcomes, since pictures exist of both. Live 
assessments are not only notoriously difficult to 
blind; they are further impractical in that the 
same observer may not be available to observe 
each patient at every assessment visit. If there are 
two blinded rater assessments for each observa-
tion, the practical obstacles only grow in 
magnitude.

�Similarity of Interventions and Sham 
Arms

For intervention trials, which are common in der-
matologic surgery, what happens to patients in 
the two or more groups after assignment should 
be kept as similar as possible. Patients should be 
treated identically, except for the intervention(s) 
being compared across groups. As a counterex-
ample, if those receiving surgery A are receiving 
care in an air-conditioned, sterile operating room 
at a flagship hospital and those receiving surgery 
B are treated in a hot, stuffy procedure room 
under clean rather than sterile conditions, the per-
ceived better outcomes of surgery A may be 
attributable to the environment and not the proce-
dure. Another benefit to maintaining similarity 
across groups is that this may allow the patient to 
remain blinded as to treatment allocation. This 
can be particularly helpful in avoiding bias if 

patient-reported outcomes are among the primary 
study outcomes. Sometimes, it will be impossible 
to keep the patient blinded. For instance, if one 
arm is a laser treatment and one is a cutting sur-
gery, the patient will hear different sounds, feel 
different types of anesthesia, and ultimately see 
different types of scars or sequelae at the treat-
ment sites. When possible, sham treatments may 
be of utility in preserving blinding. For example, 
if the study is comparing the use or avoidance of 
cautery during Mohs repairs, those not assigned 
to the cautery intervention may be kept blinded if 
the investigator cauterizes pigs’ foot tissue at the 
appointed time, thus creating the sound and smell 
of cautery, while pressing down on the patient’s 
surgery site. The illusion may be better main-
tained if all patients in the study have their eyes 
covered during the procedure. Note that sham 
treatment arms may not always be ethical, espe-
cially if they create substantial additional risk for 
patients not receiving a particular treatment. 
Institutional review boards should be asked to 
carefully vet any proposed sham procedures.

�Dropouts and Intention-to-Treat

Studies involving human subjects will commonly 
have dropouts. After being consented, some 
patients may fail to come for their initial visit, 
others may not complete all their interventions, 
and yet others may miss follow-up visits. To 
avoid attrition bias, these dropouts should be 
noted and they should be included in the statisti-
cal analysis of the primary outcomes. This is so 
because while it is possible that dropouts are due 
to factors unrelated to the study, such as job relo-
cation or unrelated illness, dropouts may also 
indicate study-related issues, such as adverse 
events, intraoperative pain, or delayed healing. 
Intention-to-treat (ITT) analyses take into 
account everyone who was initially randomized, 
regardless of whether they completed the study. 
So-called per protocol analyses just analyze those 
who completed all of the study procedures. 
Whenever possible, ITT analyses should be 
reported in addition to per protocol analyses. 
Reports of RCTs should also include a flow chart 
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that graphically illustrates the movement of 
patients through the study, including dropouts, 
which are specified by number, reason for exit, 
and time point of exit.

�Appropriate Outcome Measurement

Most RCTs will have primary and secondary out-
come measures. Outcome measures should be (1) 
relevant for the purpose of the study, (2) suffi-
cient but not excessive in number, (3) adequate to 
capture the patient experience, and (4) inclusive 
of relevant core outcome measures for the dis-
ease or condition studied.

A relevant outcome measure is one that is able 
to answer the question raised by the RCT.  For 
instance, if a study is comparing infection risk 
associated with surgery on the ear versus surgery 
on the lip, a bacterial culture may be a relevant 
outcome measure. Purulent drainage may also be 
a relevant feature but overall skin-related quality 
of life or precise assessment of the resulting scar 
using a validated scar scale would not be. A fine, 
well-developed outcome measure can still be 
entirely inappropriate for a particular study.

While there is a natural tendency to include as 
many outcome measures as are relevant and feasi-
ble, this is not a good practice. At the 5% signifi-
cance level, there is small risk that a single outcome 
measure will show a difference across groups by 
chance alone. However, if five, or a dozen, or more 
outcomes are evaluated, the chance that at least 
one will be a false positive is quite substantial. In 
general, it is best to select a small group of highly 
relevant outcome measures.

In recent years, there has been increasing 
interest in understanding the patient experience 
during medical procedures. We have moved away 
from a paternalistic model, in which the physi-
cian decided what outcomes were most impor-
tant, to one that asks patients what they prefer 
and how satisfied they are. It is highly advisable 
that RCTs now include at least one “patient-
reported outcome.” Validated scales are available, 
for instance, FACE-Q for skin cancer [5].

Another concern currently receiving attention 
is that results of RCTs on similar topics are often 

difficult to pool due to differences in the out-
comes studied [6]. “Core outcome sets” (COS) 
are minimum groups’ outcomes that based on 
expert and patient consensus should be used in all 
studies of particular conditions or diseases. Core 
outcome measures, or specific measures recom-
mended for assessing each of the outcomes in a 
COS, are also available in some cases. Notably, a 
core outcome set is a minimum list of outcomes, 
and it is entirely proper and even expected that 
individual investigators will choose to assess 
additional outcomes.

The COMET group [7] maintains a database 
of currently available core outcome sets, as well 
as sets in development. The CSG-COUSIN group 
[8], affiliated with the Cochrane Collaboration, is 
specifically focused on skin-related COS.  The 
IMPROVED group [9–12], based in the USA, is 
taking the international lead in developing COS 
for dermatologic surgery. Investigators in derma-
tologic surgery planning an RCT should consider 
consulting these research groups prior to finaliz-
ing their outcome measures.

�Primacy of Preplanned Analyses

When an RCT is complete, the results are ana-
lyzed. As stated before, an ITT analysis should 
be provided when feasible, even if a per proto-
col analysis is also performed and reported. It is 
important that all analyses prespecified in the 
methods section be executed as planned. 
Omitting some analyses or changing the way in 
which others are done is strongly discouraged, 
as it can be perceived as evidence of cherry-
picking or only showing the analyses that prove 
your point. On the other hand, doing additional 
analyses after you have completed preplanned 
analyses is allowed. If you choose to perform 
additional analyses, these should be labeled as 
ad hoc or unplanned analyses to avoid confusing 
the reader. Similarly, after you review your 
planned analyses, you may perceive an unex-
pected subgroup difference that you then choose 
to test statistically. Again, you should note that 
this was an unplanned subgroup analysis. 
Consider limiting the number of subgroup anal-
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yses to those that are most interesting or reason-
able. Performing too many comparisons will 
inevitably increase the risk of false-positive 
findings.

�Complete Reporting of Results

It is important to report all the variables that were 
planned to be collected and all the analyses 
planned to be performed. Data tables should be 
complete, showing everything found, not just the 
outcomes considered interesting or those that 
supported the experimental thesis. It is appropri-
ate to focus on the most relevant findings in the 
discussion section, but the results section should 
neither be unencumbered by excess editorial 
commentary nor overly abbreviated or truncated. 
Complete and clear reporting of all outcomes 
reassures the reader that there is no selective 
reporting bias.

Sometimes studies will be negative. In derma-
tologic surgery, failure to detect a difference may 
frequently be attributable to a small sample size 
rather than true absence of difference. RCTs in 
the field typically enroll a few dozen patients, 
with this number perhaps sufficient to reveal 
large differences but not small differences. While 
negative results may be disheartening for the 
principal investigator, it is still important to pub-
lish or otherwise disseminate the findings. 
Otherwise, publication bias, or the selective 
reporting of more positive studies than negative 
studies, can create a falsely optimistic perception 
of the effectiveness of an intervention. By report-
ing small negative studies  and  employing core 
outcome sets, investigators can facilitate pooling 
of their results with other similar studies to pro-
vide a more complete picture.

For RCTs, most high-impact journals will 
require written reports to conform to the 
CONSORT guidelines [13, 14]. The CONSORT 
checklist is a brief expression of these rules. 
Following the checklist ensures that the recom-
mended types of information are included in each 
of the major subsections of the paper. If the writer 
wants further instruction on adhering to these 
reporting rules, there is a long elaboration docu-

ment that describes each checklist item in detail 
and offers examples and rationales.

�Role of RCTs in Dermatologic 
Surgery

Dermatologic surgery is responsible for many of 
the RCTs in dermatology [15, 16]. Every 5 years 
during the past decade the number of RCTs 
reported in the journal Dermatologic Surgery has 
doubled. From 2005 to 2010, more than 130 such 
trials have been published. Also, over a similar 
period, the reporting of these RCTs improved 
consistently, with ever greater adherence to the 
CONSORT reporting criteria [15, 16].

Many of the RCTs in dermatologic surgery 
are comparative effectiveness studies of surgical 
and procedural treatments. This is to be expected, 
because dermatologic surgery is a field that 
emphasizes therapeutics. Trials have been per-
formed on both surgical interventions to treat 
skin cancer and other lesions and cosmetic and 
laser interventions to improve appearance and the 
visible signs of aging. It is perhaps surprising that 
so many RCTS have been performed in a proce-
dural field, as the procedural arena has generally 
been viewed as less hospitable for such investiga-
tions. Contributing factors may include the low 
risk associated with most dermatologic surgeries, 
as well as the abundance of alternative procedural 
interventions for many dermatologic indications.

�Practical Considerations Regarding 
RCTs in Dermatologic Surgery

�Steps in Study Design, Personnel 
Management, Subject Recruitment, 
and Data Collection and Analysis

Randomized control trials are resource intensive. 
Before embarking on one, it is useful to contem-
plate how all the necessary elements will be 
assembled. Once a preliminary clinical question 
has been suggested for exploration via an RCT, a 
complete literature search performed by a skilled 
investigator  is typically needed. The output of 
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this search will more precisely delineate the prac-
tice or research gap, with this in turn helping to 
narrow or redirect the research question. A rough 
draft of a proposed study plan, including patient 
selection, methods, analyses, and expected 
results, is then prepared. Biostatistical consulta-
tion and advice from a methodologist or clinical 
trials design expert may be helpful at this point. 
Sample size can be assessed and methodological 
oversights can be corrected before proceeding. 
Post-intervention follow-ups should be sufficient 
in number to provide long-term outcomes data 
but not so many as to unnecessarily deplete clini-
cal resources. Similarly, if a series of interven-
tions are required, as is common in cosmetic 
studies, these should be sufficient to achieve a 
measurable result, but not so many that they are 
prohibitively expensive in terms of equipment, 
supplies, and staff time. If it is desirable and pos-
sible, a sham treatment arm should be consid-
ered. Sufficient research personnel should be 
dedicated to the study, and their roles should be 
specified: these may include two or more data 
collectors; at least one investigator responsible 
for delivering the intervention; several personnel 
responsible for the randomization sequence and 
allocation; a senior research associate or staffer 
to oversee data collection and compliance, pos-
sibly an IRB consultant; and one or more biostat-
isticians, in addition to the principal investigator. 
A finalized study protocol will then be used to 
construct an IRB protocol submission. 
Specialized staff, possibly borrowed from a 
research core or hired on an hourly or per task 
basis, may assist with the generation of the IRB 
protocol, as well as requested revisions. A recruit-
ment plan may be included in the IRB, especially 
if external advertising and promotion is needed.

After IRB approval is obtained, and before 
patient enrollment can begin, randomization 
sequences are prepared and secured. All neces-
sary personnel, including clinical staff, data col-
lection staff, and other research assistants, are 
apprised of their roles. For complex studies, a 
detailed standard operating procedure can be 
developed to ensure that patients receive interven-
tions systematically, with preservation of blind-
ing. A few mock patients may also be enrolled 

and treated so that the process is well understood 
by the staff, with any minor discrepancies cor-
rected at this point. If certain process details are 
uncertain as they were overlooked in the research 
and IRB protocols, relevant procedures can now 
be codified to fill these gaps. Before the first 
patient is enrolled, the study must also be posted 
on clinicaltrials.gov. For investigators working in 
research institutions, this may mean working 
through an intermediary at the institution.

Once data collection commences, at least two 
primary data collectors are needed to ensure that 
data loss does not occur due to absence or 
unavailability. In addition, the investigator(s) or 
other individual(s) delivering the intervention are 
usually different and also need to be present. 
Space and equipment may need to be reserved. 
Scheduling, even for a study with relatively few 
subjects, may be a formidable task, as several 
treatment and follow-up visits may be required 
for each, and patients may frequently no-show or 
request rescheduling.

When patients are enrolled, randomized, and 
treated, their data will need to be carefully 
recorded. A senior research staffer may routinely 
review the paperwork submitted by the primary 
data collectors to confirm data integrity and com-
pliance with IRB reporting requirements. After 
the first several patients, the research team may 
reconvene to correct any process problems. 
Should serious obstacles arise, the study may 
need to be suspended, modified, and resubmitted 
to IRB for approval prior to resumption.

Particularly resource-intensive studies may 
have a preplanned interim analysis, with a stop-
ping rule. Since dermatologic surgery studies are 
usually extremely safe, a data safety monitoring 
board is seldom required. Interim analyses may 
instead be useful for seeing if the expected results 
have been obtained, which may presage early ter-
mination of the study. During the process of the 
interim analysis, a biostatistician may need to be 
unblinded but the remaining members of the 
team should remain blinded, if possible.

Once the study is completed and data collec-
tion is over, data tables are prepared for review. If 
some of the data were on paper and not previ-
ously entered into a database, data entry into 
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appropriate software will precede preparation of 
data tables. Looking at the data carefully allows 
the principal investigator to ensure that the data is 
valid and without error. Planned analyses are 
then performed by the biostatistician. Based on 
the outcome of these, additional ad hoc or sub-
group analyses may be added. The report of the 
RCT is then written. This will generally be 
reviewed by multiple investigators prior to sub-
mission for publication.

�Resource Allocation and Costs

In summary, performing a high-quality RCT does 
require resources. Even a small trial requires a sig-
nificant number of staff with diverse responsibili-
ties, although not all of them need to devote more 
than a fraction of their time to the endeavor. If the 
intervention is partly standard of care, and being 
delivered in standard clinic space, additional clini-
cal staff and space may not be required, but if not, 
then they may. IRB approval can slow down the 
process. Recruitment rate can also be a limiting 
factor. Even with rapid recruitment and an effi-
cient IRB, such as a non-institutional one, the 
timeline from inception to writeup for a longitudi-
nal RCT in which treatments are delivered and 
long-term outcomes assessed will seldom be less 
than 1 year and often closer to 2.

Direct costs of the RCT will include at the 
very least: IRB submission fees; payment, either 
hourly or per project, to the biostatistician and 
methodologist; and the salary fractions of 
research staff on the study. Equipment or supplies 
required may also need to be bought, or they may 
be donated. Another cost may be reduction in 
efficiency of the clinical enterprise when research 
procedures are interjected into standard clinic 
days.

That being said, many dermatologic surgeons 
have sufficient staff to easily perform RCTs. 
Post-residency fellows, whether assigned to 
micrographic surgery and dermatologic oncology 
or cosmetic dermatologic surgery, may benefit 
from the research experience and are required to 
complete at least one research project during 
their year-long tenure. Clinical nurses and mid-

level providers may enjoy participating in 
research in addition to the regular clinical duties. 
In Mohs services, histotechs may have downtime 
at the end of the day when they may be able to 
help, and these staff are generally very precise 
and detail-oriented, and as such, possibly well-
equipped to review study paperwork. IRB 
approval is often easy for those in private prac-
tice, with high-quality external IRBs requiring as 
little as a week to approve low-risk studies. 
Finally, if a biostatistician or methodologist is not 
available, the dermatologic surgeon may con-
sider reaching out to a colleague more experi-
enced in the conduct of clinical trials for advice 
or to review a research protocol.

�Closing Thoughts

Many, if not most, important questions in the 
field of dermatologic surgery remain unanswered. 
Those questions that have been addressed usually 
have not been definitively settled and await more 
data and higher-quality investigations. At the 
other end of the spectrum, dermatologic surgeons 
work in resource-rich environments where they 
can easily perform modest-sized RCTs without 
much direct expense. Indeed, they are already 
doing so, in large numbers. Moreover, RCTs can 
productively engage clinical staff, and at least 
some may find such work interesting. RCTs are 
particularly exciting for the principal investiga-
tor, who in a relatively brief period can develop a 
question, test it, find an answer, and communi-
cate this to the world. The answer may change 
practice or it may not. But it will clear up a small 
mystery, in at least a small way, and thereby be a 
voyage of discovery for those on board and a 
valuable addition to our collective scientific 
know-how.
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Outcomes Assessment 
in Dermatologic Surgery

Murad Alam

Abstract
Whether performing a randomized controlled 
trial, a cohort study, or a case-control study, it 
is essential to select the outcomes to be mea-
sured (Dupuy et  al, Outcome measures. In: 
Williams H, Bigby M, Herxheimer A, Naldi L, 
Rzany B, Dellavale R, Ran Y, Furue E (eds) 
Evidence-based dermatology, 3rd edn. Wiley, 
New  York, pp  71–74, 2014; Alam et  al, 
Rationalizing outcome measures in dermato-
logic surgery. Curr Derm Rep 4(3):140–146. 
doi:10.1007/s13671-015-0106-5, 2015; Alam, 
Evidence based procedural dermatology. In: 
Maibach HI, Gorouhi F (eds) Evidence based 
dermatology, 2nd edn. PMPH-USA, Shelton, 
pp 539–545, 2012). Deciding on appropriate 
outcomes requires consideration of the pur-
pose of the study, the types of outcomes avail-
able, the number of outcomes that may be 
appropriate, outcomes that are commonly 
measured, and outcomes that convey patients’ 
perceptions. Closely related to the task of out-
comes selection is choosing specific outcome 
measures to represent these outcomes. For 
example, if scar appearance is a selected out-
come, a particular validated scar scale may be 
the corresponding outcome measure.

Keywords
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Whether performing a randomized controlled trial, a 
cohort study, or a case-control study, it is essential to 
select the outcomes to be measured [1–3]. Deciding 
on appropriate outcomes requires consideration of 
the purpose of the study, the types of outcomes avail-
able, the number of outcomes that may be appro-
priate, outcomes that are commonly measured, and 
outcomes that convey patients’ perceptions. Closely 
related to the task of outcomes selection is choosing 
specific outcome measures to represent these out-
comes. For example, if scar appearance is a selected 
outcome, a particular validated scar scale may be the 
corresponding outcome measure.

�Selecting Outcomes Appropriate 
for the Clinical Question

Outcomes and outcome measures should be 
selected so that the underlying clinical question 
posed by the study can be answered. A study to 
measure recurrence rates of skin cancer may 
reasonably use a live clinical assessment by an 
expert dermatologist or diagnosis based on skin 
biopsy, but a measure of skin elasticity or color 
may be less appropriate, even if these features are 
accurately and precisely assessed.
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�Types of Outcomes

As there are different types of outcomes, out-
come selection requires not just selecting the best 
individual outcome(s) but also deciding the cate-
gories from which to select. Outcomes can be 
classified by degree of objectivity, from highly 
objective, like linear distance, to highly subjec-
tive, like global assessment of appearance. 
Intermediate between these may be normed, vali-
dated scales for measuring specific parameters, 
like color or scar. Another way entails dividing 
outcome measures based on the type of mecha-
nism used to collect the relevant data. In this for-
mulation, outcomes may be measured by devices 
or machines; text instruments, like normed or 
validated questionnaires; or unaided humans. 
Outcomes that are measured by people, like 
scales and blinded assessments, can be further 
subdivided into those that are reported by neutral 
or blinded raters, those by physicians or investi-
gators, and those by patients or participants. 
Indeed, these outcomes can otherwise be identi-
cal, with their valence impacted by who is doing 
the measuring. Outcomes can also be rated on the 
degree to which they conform to underlying theo-
ries of pathophysiologic mechanism of action. As 
an example, if an electronic pulse is said to 
induce apoptosis in basal cell carcinomas, and 
this apoptosis is said to manifest as increase in 
skin erythema, then a precise measure of skin 
erythema may be said to be an appropriate mea-
sure of the rate of apoptosis as well as the effec-
tiveness of the electronic pulse. The problem 
with relying on a story regarding a proposed 
mechanism of action is that the story, however 
convincing, may soon be shown to be wrong, or 
at least incomplete. Yet another classification 
scheme considers the extent to which an outcome 
is insensitive to factors other than those it is 
expected to measure. If the goal is to measure the 
degree of collagen remodeling induced by an 
ablative laser 2  months after treatment, a com-
puted photographic measure of cheek volume 
may be a poor measure since it may be altered not 
only by collagen thickening but also by residual 
post-treatment edema, which may be marked 
even months after such a procedure. Microscopic 

evaluation of a tissue biopsy may be better for 
specifically gauging the degree of collagen 
growth.

�Characteristics of a Robust 
Outcome Measure

Regardless of type, outcome measures should 
meet three criteria. They should be accurate, pre-
cise, and sensitive to change. Accuracy means that 
they should truthfully measure the underlying 
construct. So a temperature measuring device 
should display the actual temperature, as verified 
by a reference device measuring temperature. 
Precision refers to how finely the construct being 
measured can be distinguished. In the case of a 
temperature gauge, one that measures to within 
0.01 ° is less precise than another which measures 
to within 0.001 °. Sensitivity to change means that 
the outcome measure should change in response 
to changes in the relevant stimulus. If the day 
becomes cooler, the mercury in the thermometer 
should fall. Measures that are more sensitive to 
change may be better able to reveal minor differ-
ences over the course of a study. If a hair removal 
laser removes 5% of total hair per unit surface 
area per procedure, this may be detectable by a 
10-gradation hairometer that provides integral 
values from 0 (no hair) to 10 (maximum hair), but 
not by a 3-gradation hairometer (1  =  no hair, 
2 = some hair, and 3 = maximum hair).

�Limitations of Objective and Precise 
Outcome Measures

The choice of outcome measure is not always 
obvious. While it may seem like an objective, 
machine-generated statistic that is highly precise 
and incredibly sensitive to change would be opti-
mal in most cases, this is not always so. An objec-
tive measure need not be accurate and despite the 
sleek, brushed aluminum case in which it is 
housed may not reflect with fidelity the real 
underlying construct it purports to represent. To 
be convincing, any such measure must be vali-
dated against a gold standard. One real-life 
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example that was not thus validated was a device 
for measuring fine textural change of facial skin 
introduced a few years ago. With much fanfare, 
eager acolytes predicted that this would be the 
optimal way to quantify the minor but definite 
degree of skin smoothening induced by some 
topical cosmeceuticals. In fact, it was not clear 
what the pretty color pictures the device pro-
duced were measuring and if these computed 
images accurately showed smoothness. 
Furthermore, the high levels of precision and sen-
sitivity to change were punitively extreme. 
Indeed, washing the face, sweating a little, or just 
running a hand over the cheek in a sigh would 
completely change the character of the output.

�Instances When Subjective 
Outcomes Measures Are Preferred

Even when objective measures are not intrinsi-
cally flawed, they may not be the most appropri-
ate outcomes to include. In some cases, subjective 
outcomes and measures may be said to be philo-
sophically superior and better able to measure 
what is observed. The clearest case is when grad-
ing the aesthetic appearance of facial skin. Since 
patients receive treatment to reduce facial acne 
scars or diminish the visible signs of aging in 
order to look better to themselves, family, friends, 
and colleagues, the best way to measure the suc-
cess of such procedures is through visual exami-
nation by a perceptive human observer. If the 
patient looks improved to several such observers, 
then this is sufficient. Even if a highly accurate 
and precise electron microscope could detect 
numerous residual flaws, this is not interesting to 
the patient, whose friends cannot resolve such 
tiny features.

�The Utility of Complex Outcome 
Measures

Another consideration is the complexity associ-
ated with a particular outcome measure. Some 
validated scales are extremely complex, with 
many parts and subparts, and may also require 

time-consuming internal computations. Study 
participants and data collectors may become 
exhausted during the measurement process. 
Unless the quality of these outcome measures is 
far superior to that of simpler measures, the more 
complex measures may be more resource inten-
sive than they are worth.

�Core Outcome Sets: What They Are 
and Why They Are Important [4–10]

In recent years, it has become apparent that het-
erogeneity in outcomes and outcome measures 
for studies of the same disease or condition lead 
to research waste. Since the combined results of 
many similar studies, or meta-analyses, are 
believed to be more reliable than the results of 
any single study, it is unfortunate when such 
studies report different outcomes, and thereby 
preclude pooling of their data. The leadership of 
the Cochrane Collaboration has expressed con-
cern that this problem undermines the usefulness 
of Cochrane systematic reviews, which may 
defer specific conclusions and instead plead 
“insufficient evidence.” The solution appears to 
be development of so-called core outcome sets or 
minimal groups of outcomes that are intended for 
use in all studies pertaining to a particular disease 
or condition. Individual investigators can use 
more than the core set of outcomes, ideally add-
ing the core set to whatever other outcomes they 
wish to consider.

�Core Outcome Sets: How They Are 
Developed and by Whom

The development of core outcome sets is a labori-
ous process based on literature review and stake-
holder consensus. A long list of outcomes is first 
produced from a literature search and data extrac-
tion. Then this is subjected to refinement and 
lumping by a steering committee. Several rounds 
of Delphi process are then used to identify the 
most important outcomes and those with the 
greatest degree of consensus. Stakeholders 
involved in the process may include physicians, 
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other health-care workers, patients, caregivers, 
support group representatives, researchers, indus-
try representatives, regulators, methodologists, 
and others. Since the goal is to produce a set of 
outcomes that are of universal utility, stakeholders 
are drawn from many countries and diverse envi-
ronments. The output of the Delphi process is 
subject to further refinement and lumping. A face-
to-face consensus meeting is then convened to 
approve a small group of outcomes for the core 
set. Subsequent similar processes, including 
Delphi consensus, may be used to identify the 
best outcome measure for each outcome in the 
core set. The lead international consortium cham-
pioning core outcome sets and advancing research 
methodology for developing these is COMET 
(Core Outcome Measures in Effectiveness Trials), 
based in the UK and in existence since 2010 [11]. 
COMET hosts meetings and also maintains a 
database of core outcome sets in development. 
CSG-COUSIN [12], based in Germany, is the 
core outcome set initiative of the Cochrane Skin 
Group and focuses on outcome measures relevant 
to dermatology. The IMPROVED (Measurement 
of Priority Outcome Variables in Dermatologic 
Surgery) group [13], based in the USA, is taking 
the lead in development of core outcome sets rel-
evant to dermatologic surgery [5–7].

�Patient-Reported Outcomes

Another new trend in outcome selection is the 
frequent inclusion of at least one patient-reported 
outcome in clinical trials. Investigators, govern-
ment regulators and scientists, and private payers 
have conceded the obsolescence of the paternal-
istic model in which only physicians decide what 
should be measured and what is important for 
patients. It has become clear that patients’ esti-
mation of procedure effectiveness, safety, com-
fort, downtime, cost, overall satisfaction, and 
other parameters may differ from that of physi-
cians. As those experiencing treatments, patients 
are obviously uniquely qualified to assess their 
impact. In fact, sometimes, patients may notice 
procedure-related effects that physicians have 
not even thought to measure. Validated, well-

designed patient-reported outcome measures 
now exist for skin cancer treatment as well as 
facial rejuvenation.

�Selecting a Suite of Outcomes

As explained in the preceding paragraph, selec-
tion of appropriate outcomes for a clinical study 
is a complex process. However, selection of out-
comes need not be an either/or process. Outcome 
selection can be inclusive, with several outcomes 
all measured in a single study. An investigator 
may start with a condition-specific core outcome 
set, which may include some objective measures, 
and perhaps also a validated independent rater 
questionnaire or photographic assessment, as 
well as a patient-reported outcome measure. To 
this, the investigator may add one or more other 
outcome measures that he or she deems inade-
quately covered by the core set and specifically 
relevant to the particular clinical trial at hand.

�When to Measure Outcomes

Once outcomes are selected, it must be decided 
when to measure them. A clinical trial in dermato-
logic surgery may have several treatment visits fol-
lowed by several follow-ups. Some outcomes, such 
as standardized photographs, may be obtained at 
every visit, and others, like patient-reported satisfac-
tion, may only be elicited a few times, perhaps just 
at the last visit. Measuring outcomes more often can 
be helpful in providing a clearer understanding of 
the impact of an intervention, including the length 
of post-procedure recovery time, time to maximum 
benefit, and the duration of persistence of benefit. 
But many measurements can also fatigue patients 
and data collectors, resulting in more patient drop-
outs, excess resource utilization within the research 
team, and possibly less accurate data. For many 
aesthetic studies, the most convincing results are 
long-term outcomes, after edema and erythema 
have resolved. On the other hand, asking patients to 
come back more than 6–12 months after treatment 
is unlikely to be fruitful. Keep in mind that adding 
two more follow-up visits to a study involving 50 
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patients means at least another 100 h of data collec-
tion, and possibly much more, if patients cancel and 
need to be rescheduled. Data collection in clinical 
trials is also often not contiguous, as patients come 
when they can and when they wish to, so 100 h of 
data collection may in fact be spread over many 
weeks, with some wasted time between visits.

�Preplanning Outcomes

Outcome selection should occur before enroll-
ment in a clinical trial commences. The methods 
section of the study protocol and IRB protocol 
should detail the outcomes that have been cho-
sen, and when they are to be measured, as well as 
how and by whom. While multiple outcomes and 
outcome measures might be included, the total 
number should be judicious. Assessing very 
many outcomes is not only resource intensive but 
also increases the risk that at least one of these 
outcomes shows a difference by chance alone. 
The 5% significance level is reasonably protec-
tive if only one or a few comparisons are per-
formed, but if numerous outcomes are assessed, 
the likelihood of a false positive arises.

�Reporting of Outcomes

The results section of the report of a clinical trial, 
cohort study, or other clinical studies should 
present all of the outcomes that were mentioned 
in the methods section. If these are too numerous 
or cumbersome to discuss in the text, they may be 
displayed in tables or figures. Although some 
outcomes may be relatively more interesting or 
supportive of the experimental hypothesis, selec-
tive results reporting must be avoided, as it can 
bias the results.

�Closing Thoughts

Determining the appropriate outcomes and out-
come measures for a study is of primary impor-
tance. Haphazard outcome selection can result in 
research waste, as the data may not be useful or 

interpretable. There are different types of out-
come measures, and a suite of such, including 
patient-reported outcomes, may be used for a par-
ticular study. Inclusion of a core outcome set, if 
available, can help aggregate the results of a given 
study with those of other studies of the same dis-
ease, condition, or intervention. Outcomes should 
be measured as often as needed, but not so often 
as to unnecessarily deplete resources. Reporting 
of preplanned outcomes should be complete, so 
that readers can draw their own conclusions.
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Level of Evidence and Strength 
of Recommendation

Murad Alam

Abstract
The purpose of this book is to convey the evi-
dence (Guyatt et  al, JAMA 274(22): 1800–
1804, 1995; Guyatt et  al, JAMA 284(10): 
1290–1296, 2000) in support of procedural 
dermatology therapies for specific indications. 
After sifting the data, chapter authors provide 
their assessment in words and numerical rat-
ings. Specifically, findings based on evidence 
are accompanied by the level of this evidence 
in parentheses immediately following. At the 
conclusion of each chapter, a table is provided 
that lists findings and recommendations, with 
numbers to represent the associated levels of 
evidence and strengths of recommendation.

Keywords
Evidence · Strength · Users · Medicine · Level  
Dermatology

The purpose of this book is to convey the evi-
dence [1, 2] in support of procedural dermatol-
ogy therapies for specific indications. After 
sifting the data, chapter authors provide their 
assessment in words and numerical ratings. 
Specifically, findings based on evidence are 

accompanied by the level of this evidence in 
parentheses immediately following. At the con-
clusion of each chapter, a table is provided that 
lists findings and recommendations, with num-
bers to represent the associated levels of evidence 
and strengths of recommendation.

�Level of Evidence

Level of evidence is a hierarchical measure. At 
the top are meta-analyses of randomized control 
trials (RCTs) and individual RCTs, and expert 
opinion is far lower in the order. The hierarchy is 
not intended to denigrate the importance of find-
ings supported by lower levels of evidence. 
Instead, the purpose of the hierarchy is to show 
the limits of the data. In some situations, RCTs 
may be impractical and lower levels of evidence 
may be all that is achievable or at least sufficient 
to justify therapeutic decisions.

Since the popularization of measures of level 
of evidence, many specific formulations have 
emerged [1–3]. Largely similar, these differ 
mostly in detail and nuance. We have chosen to 
use the 2009 Oxford scheme [4], shown below. 
We feel this is intuitive and easy to use, while 
also being sufficiently granular in its discrimina-
tions  (Table 3.1).
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